A new subcarrier combining technique is proposed for MC -CDMA receiver in mobile Rayleigh fading channel. It exploits the structure formed by repeating spreading sequences of users on different subcarriers to simultaneously suppress multiple access interference (MAI) and provide implicit channel tracking without any knowledge of the channel amplitudes or training sequences. This is achieved by adaptively weighting each subcarrier in each symbol period by employing a simple gradient descent algorithm to meet the constant modulus (CM) criterion with judicious selection of step-size. Improved BER and user capacity performance are shown with similar complexity in order of O(N) compared with conventional maximum ratio combining and equal gain combining techniques even under high channel Doppler rates.
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Introduction: MC-CDMA is a well known multiple access technique which combines frequency-domain spreading and multicarrier modulation for effective operation in frequency selective multipath fading channel [1] . In conventional MCCDMA receivers, two subcarrier combining techniques namely, equal gain combining (EGC) and maximum ratio combining (MRC), are employed [1] . These techniques are, however, severely effected by MAI as the system loading increases, leading to poor detection performance. More advanced techniques incorporating multiuser detection, or for example, multistage RLS subcarrier-combining scheme recently proposed in [2] could be used to improve the performance. However, they are more computationally complex. A different approach is proposed in [3] , that uses transmit power adaptations in time and frequency dom ain for MRC to reduce the degrading effects caused by weak subcarriers. However, it requires closed loop operation and very accurate channel estimation. In [4] , MMSE filtering based scheme is proposed for operation in mobile Rayleigh channel for Multicarrier DS-CDMA. Although it shows much improved Submitted to IET Electronics Letters performance, however it requires tracking of the users' fading processes for inversion of signal correlation matrix resulting in a more complex system. In [5] , a blind adaptive technique for Multicarrier DS-CDMA is proposed using a constrained constant modulus inverse QR decomposition (IQRD)-RLS algorithm for static channel conditions. The scheme is shown to outperform MRC and LMS type schemes, however, at the cost of significant increase in the complexity. In thi s Letter, a low complexity subcarrier combining technique is proposed for frequency-domain spread MC-CDMA that also uses the constant modulus algorithm as in [5] , which is a well known algorithm in the literature. However, it is designed here in a different way that suppresses MAI with additional channel tracking capability inherent in the detection process for operation in mobile Rayleigh fading channel. More specifically, we propose an improved alternative to conventional EGC and MRC methods with similar order of complexity and without need for closed loop power adaptation strategies as in [3] .
System Model: A synchronous model of uplink MC-CDMA similar to that in [1] is considered as shown in 
The weights for the next symbol, ,
kn wm + , are updated using the gradients as follows
where 0 µ > is the step -size. It has to be noted that, unlike in [5] where weights are used for MAI suppression only, while assuming the channels to be static, here each weight can be optimized according to the channel Doppler rate and system loading. The above processes are repeated for all K users. As can be seen, the proposed algorithm has complexity in order of () ON comparable to EGC and MRC. Summary of the algorithm is also given in Table 1 .
Performance Results: An uplink of synchronous MC-CDMA with K equal power users and 32 N = is considered. The system is simulated in MATLAB using 10000 BPSK data symbols for each user with i.i.d. 
